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WHAT WE NOW KNOW
ABOUT QUINTESSENCE

S. Bludman, University of Pennsylvania & DESY

. OF WHAT IS THE UNIVERSE MADE?

THE DARK ENERGY DENSITY IS NOW
EXACTLY OR NEARLY STATIC

ATTRACTOR PHASEPORTRAITS: SAME
TRACKERS IN B-ERA, DIFFERENT CURVATURE!
NOW

INVERSE POWER POTENTIALS: LARGE
CURVATURE REQUIRE FINE-TUNED INITIAL
CONDITIONS

CONCLUSIONS: ACCEPTABLE QUINTESSENCE
TRACKS EARLY, BUT CRAWLS NOW
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Eternal expansion

RELATIVE BRIGHTNESS OF SUPERNOVAE
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Cosm. Const. Quintessence
static dynamical




II. THE DARK ENERGY DENSITY IS NOW EXACTLY
OR NEARLY STATIC

e Dynamical Smooth Energy=Scalar Field ¢ Rolling Down Its
Potential=Quintessence. Explains

~ Present Small Value of Smooth Energy Density ~ 10~ 12901}
— If quintessence potential vanishes asymptotically (no cosmological
constant), then no future (de Sitter) horizon: Maintains causal

connection, asymptotic states, S-matrix
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é+3Ho+dV/de =0,

po=0°/2+V(¢), P/*=¢*/2— V()

— Alternate phase variables 22 = ¢2/2p, y? = Vo /p

a»fﬂ = /Ly Y/ 2= M.mw

dr/dN = 3z 4+ \\/3/2y* + 3zv/2
dy/dN = ~A\/3/2xy + 3yvy/2
dA\/AN = —V6I (T —1)

Sehre Rheml N = Lrg e =—LagWg)

— roll A= —Mp dInV/d¢ fast in background-dominated era
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IV. INVERSE POWER POTENTIALS: LARGE
CURVATURE REQUIRE FINE-TUNED INITIAL
CONDITIONS

— ldeal Tracker (in B-era): curvature 3 = const > 1

V(g) = M*R/4°,

— Observed wgo < —0.78 requires 5 < 1
— But 8 < 1 makes a Poor Tracker: Tracks Only from
Narrow Basins of Attraction; crawls to present universe

Venice 12.5.03
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V. CONCLUSIONS: ACCEPTABLE QUINTESSENCE
TRACKS EARLY, BUT CRAWLS NOW

£28 (Zf 4
For observed wg,< —0.78 (95%C.L.):

— Inverse power potentials require 3 = const < 1. poor tracker, crawls to

present

— Admissable potentials now require [(3(¢) increasing: large potential
curvature, recent quintessence-dominance and cosmological acceleration
e.g. quantum models:
x Supergravity-inspired models V o ¢ lor" exp (k$)?/2
+ Albrecht and Skordis V o< ¢* x exp (Ag)”
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~ Requires fine-tuning of potential and/or initial conditions, that tracking
hoped to avoid

~ Now two cosmic coincidences: smooth energy must now be small and
equation of state wg(z) = (P/p)g, fast-changing in narrow interval
—1 <wg < —0.78. We live at a very special time (anthropic reasoning)!

— Quintessence hardly distinguishable from cosmological constant it was
invoked to avoid: hard to reconstruct Q potential or to distinguish from
cosmological constant.
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